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Gas/liquid mass transfer in carbon dioxide—alkanes mixtures
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Abstract

The present paper tries to characterize the gas/liquid mass transfer processes in relation to the absorbent phase, employing binary mix
of normal alkanes as liquid phase. The absorbent phase was in each case, had different binary relations between dodecane + heptane and
cane + octane. Firstly, the absorption process in pure liquid phase was evaluated and characterized as regards to the operational variables
effects produced by the mixture composition and the stirring rate upon the mass transfer process were also studied, in relation to the use of bi
mixtures as liquid phases.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction This interest was begun by Linek and BefiH3] on the basis
of the study of absorption processes employing emulsions of
Mass transfer processes have centred an important part of tikater in oil as liquid phase. These phases are complex. Their
world research in the last decades. Research fields have bease as absorbent phases to remove or absorb gases implies a
based on equipment design, scale-up, hydrodynamic behaviouteep study of the absorption process and the effect upon the
effects due to substances or contaminants presence, predictiggas mass transfer kinetics of different typical operational vari-
etc. And they have been the aim of numerous studies, which haables, such as temperature, stirring rate and gas flow rate, as
produced several research pagérsd]. The trend observed in  well as the composition of these liquid phases. Emulsions and
the last years in mass transfer studies, being involved gas amdicroemulsiong7,11] are examples of these kinds of complex
liquid phases, has derived to the presence of organic compountiguid phases used nowadays. The experimental data obtained
in the phases involved in absorption proced8e8]. Removed by these researchers allow the conclusion that there is not an
strategies of these kinds of compounds from gas or liquid phasesfluence of liquid phase composition upon the mass transfer
have caused the development of technical methodologies prevdoefficient value in the systems studied. This behaviour was
ously published7,8]. For this reason, the presence of these kindsassigned to the ease the alkane presents in the gas phase to be
of substances in mass transfer operations is quite common, absorbed to the organic liquid phase present in the emulsion.
different industries use these compounds as reagents, products,Nowadays, other researchers have developed studies involved
by-products or wastes. in gas/liquid/liquid systems, where different chemical reactions
Several authors have developed studies of oxygen mass trarfgve been carried out in the aqueous phase, as well as analysing
fer to different organic phas€g®] such as toluene, decalin, the global mass transfer process upon the value of the kinetics’
ethanol, etc. The objective of these studies was characterizingpnstant$8].
the absorption processes of different gases (air, carbon diox- Our research group has also developed also previous studies
ide, helium or hydrogen) in organic phases, on the basis of gda relation to gas absorption in complex liquid phases, as Linek
density and the gas hold-up. and Bene$10] and Cents et a[8] have done. To be more spe-
cific, we used water in oil microemulsions (with an alkane as
continuous phase) as the absorbent pfit2p
S All studies previously mentioned show the interest in
* Corresponding authors. . . .
E-mail addresses: eqnaval@usc.es (Do@ez-0az), analysing the influence produced by the presence of organic
egnavaza@usc.es (J.M. Navaza). substances in the liquid phases on mass transfer processes. In
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Nomenclature

interfacial area (fim—3)

carbon dioxide concentration (mol dif)
constant as defined in E(B)

constant as defined in E(LO) (cms1)
carbon dioxide solubility (mol dm?)

stirrer diameter (m)

gas diffusivity (cnfs 1)

constant as defined in E(f)

constant as defined in E(L) (mm?s2)
constant as defined in E(5) (s™1)

liquid side mass transfer coefficient (crmt3
stirring rate (1)

power for unaerated stirred vessel (W)
constant as defined in ET) (cn? s~ 1-(mPa sy 9)
constant as defined in EY)

supplied by Schott (Cap No. Oc, 0.46).01 mm of internal
diameterk =0.003201 mris~2) using Eq(1). The viscometer
used was a Schott-Ge AVS 350 Ubbelohde type

v=K(t—0) 1)

wheret is the transit timeK the characteristic constant of the
capillary viscosimeter an@is a correction value to prevent the
final effects. An electronic stopwatch with a precision®¥.01 s
was used for measuring times.

The glass capillary was immersed in a bath controlled to
40.1°C to determine the viscosity at 26. Each measurement
was repeated at least six times. The dynamic viscos)tgquld
be obtained by the product of kinematic viscosity &nd the
corresponding density] of the binary mixture, in terms of Eq.
(2) for each temperature and mixture composition.

n=p-v ()

—1 . . .
Qg gas flow rate (Ms) Density measurements of the corresponding mixtures were
! operation time (S) carried out using pycnometers (Gay-Lussac's pycnometer with
4 vessel volume Q) a bulb volume of 25 cr). The pycnometers were placed into
4 stirring rate (rpm) a thermostatic bath maintained at a constant temperature of
Greek symbol +0.1°C.
reek Symooss . Mass transfer studies of carbon dioxide to liquid alkanes were
n liquid viscosity (mPas) . . : . _
. ! carried out using the experimental set up employed in previ-
0 time correction (s) . . . .
. L . 1 ous works related to absorption processes, described in detail
v kinematic viscosity (mrs™1) . . h fiquid has b
density (g cm?) in a previous pape_[lS]. T e gas/liquid contactor has been a
L 1-L volume cylindrical flat stirred vessel made of glass (inter-
Numbers nal diameter =12 cm; height=22 cm). Four baffles were placed
Re Reynolds number on its internal wall from top to bottom in order to improve the
Se Schmidt number mixing and prevent vortex formation during the experiment. The
Sh Sherwood number absorption processes has been carried out &25ing a ther-

mostat with a precision at0.1°C. A six-blade Rushton turbine
was used to stir the liquid phase. The gas flow rate was measured
and controlled with two mass flow controllers (5850 Brooks

this paper, we evaluate the behaviour observed by the use of difastruments). The apparatus employed in the present study to
ferent alkanes as absorbent phases in the mass transfer processasure the gas flow rate and pressure was calibrated by the
of carbon dioxide from a gas to a liquid phase.

2. Experimental

supplier.

The present paper analyses the effect caused by the stirring
rate upon the mass transfer process kinetics of carbon dioxide
to organic liquid phases (alkanes). In this study, several organic

The reagents employed in the present paper (dodecan@?mpounds (heptane, octane and dodecane) and its mixtures
octane and heptane) have been supplied by Aldrich and Flukaave been employed as liquid phases.
with a purity of >99% for the octane and heptane and >97% for The stirring rate used in the absorption experiments was
the dodecane.
Since binary mixtures have been employed in the preservas employed in relation to gas flow rate.
study attending to the research in the physicochemical charac-
terization of multicomponent mixtures, it is necessary to take3. Results and discussion
into account that there are clear deviations in relation to the lin-
ear behaviour. For this reason, the characterization in relation t& /. Physical properties
the value of density and kinematic viscosity, those are impor-

changed between 50 and 450 rpm. A constant value of 7.3 L h

tant properties in mass transfer processes, was carried out andTo analyse the gas/liquid mass transfer process itis necessary

compared to the bibliographic data. Bi-distilled water and pureo take into account several factors that could have aninfluence in

components of the mixtures were employed to prove that thappreciating the grade inthe process developed. Specifically, dif-

methods employed were the adequate. ferent physical properties must be analysed when mass transfer
The kinematic viscosityy) was determined from the tran- operations are being studigid},15] Viscosity is a property with

sit time of the liquid meniscus through a capillary viscometera greatinfluence in numerous chemical engineering processes. In
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the present paper, the value of the density and kinematic viscositpust be negligible. However, we had already observed in a
were determined for the mixtures employed. The experimentgbrevious paper that using this gas/liquid contad¢i@] there
results obtained for these physical properties were compardd a certain influence of this variable upon the mass transfer
with the values obtained from literature and they agree with th@peration, although in a lesser degree than the effect caused
data previously published 6]. The behaviour observed shows by the stirring rate. This influence due to the gas flow rate
an increase in the viscosity value when the dodecane concenpon the mass transfer kinetics is due to the way of feeding
tration in the mixture increases too. Also, the density showshe contactor with the gas; in this case, it is a direct jet on the
a similar increase. The study of the data obtained for theskquid surface. It produces ripples at the mass transfer inter-
two properties indicates that there are clear deviations in théace, with a higher effect when the gas flow rate is bigger. The
mixtures employed in the present paper as regards the lineanportance of this effect is reduced when the viscosity of the
behaviour. Negative deviations were found for viscosity, whileliquid phase is increased (when the alkane increases the num-

density exhibits positive ones. ber of carbons), because it reduces modifications on the liquid
surface.
3.2. Absorption process Experimental results commonly indicate that both variables

cause a power trend effe§t9,20] The stirring rate of the
Taking into account the operation regime employed in themechanical stirrer produces more effect than the feed gas flow
present paper, the mathematical expression that governs thate. The power supplied to the liquid phase is commonly
absorption process is shown in E®), obtained using mass employed at any rate in the mass transfer and hydrodynamic
balances to the gas phase due to the fact that the liquid phastudies in a mechanical stirred vessel. The values for the power

was employed in batch regime. supplied are obtained using E&) [20],
dc " .N3.45.
a=kL-a-(C -0C) (3) Pmo=fN7vd'0 (6)

whereC" is the gas solubility in the operation conditiogsthe  where is the stirring rated the diameter of the stirrep the
instantaneous gas concentration in the liquid phasekandhe density of the stirred liquidy the liquid phase volume an
liquid side volumetric mass transfer coefficient that results fromg the graphically obtained factor that depends on the kind and

the product of mass transfer coefficient and the mass transfgharacteristic length of the stirrer. For a Rushton turbine stirred
specific area. Eq3) is integrated along the operation time and ¢ has a constant value equal to 128].

adopts the expression shown in E4).

C* 3.2.1. Pure alkanes
In <C* ~ C) =k -a-t (4) Fig. 1 shows a typical example of the absorption kinetics
o obtained from the analysed cases in the present study. The liquid

In order to use Egs(3) and (4) it is necessary to know phase increases the gas concentration (carbon dioxide) along the
the value of the gas solubility in the liquid phase employedyperation time until the gas concentration in the liquid phase
as absorbent, and then, to calculate the volumetric mass trangsaches a constant value. This value is the solubility data for this
fer cpef_ficient. The solubility of carb_on dioxide employed in gas in the alkane at atmospheric pressure ari€€2%he linear
the liquid phases was calculated using Ex), thereby deter-  3kanes employed in the present paper as liquid phase have been

mining the gas concentration value at infinite time. These datgreviously analysed and their results published by our research
agree (for linear alkanes) with the results obtained from refergyqyp[18].

ence[17] with discrepancies fewer thah5%. The good results
for solubility data obtained from absorption experiments indi-

cate that experimental set-up allows the calculation of the mass B symt‘JoIs T
transfer coefficient with acceptable results. When the chain 6 D am 1008
length increases, a clear decrease is produced in the solubility 5 iy mE .
value. - r o ) £
@ °
C=C*(1-ekh (5) g oo 004 2
s [ ] -~
The solubility data have been employed to calculate de vol- m‘g * gv
umetric mass tre}nsf*er coefficients by means of the In graphical 2 {ooe &
representation /(C" — C)) versus operation time, and with
acceptable linear regressions. 8 goocoo
The gas/liquid interfacial area was obtained through contact L . oo
device geometry, with a2109 cnf value. So the mass transfer 0 20 40 0

coefficient corresponding to the liquid side was calculated using t/ min

this area Value,' . . Fig. 1. Carbon dioxide absorption kinetics in alkanes mixtures at different values
On the basis of the contact device employed in the preseny stirring rate and2y=7.5L L. (O) and @) for experiments alv'=50 rpm;

paper (constant interface area), the effect of the gas flow ratg) and @) for experiments aw =450 rpm.
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Fig. 2. Influence of chain length upon the mass transfer coefficients at different
stirring rate values. (O =50rpm; @) W=150rpm; (J) W=250rpm; @) Fig. 3. Influence of stirring power supplied upon the mass transfer coefficient in
W=350rpm; &) W=450rpm;Qg=7.5Lh1. carbon dioxide/(octane + dodecane) system.x§) =0; (®) xc,, =0.25; (J)

xcy, =0.50; @) xc,, =0.75; (A) xc,, =1; Qg =7.5Lh1,

In Fig. 1, two experiments have been compared. The same
liquid phase was employed in both experiments, while the stir3.2.2. Alkanes mixtures
ring rate was changed. The experimental data indicates that a The effects produced by the operational variables previously
higher value in stirring rate produces that the saturation of th@nalysed upon the absorption process employing binary mix-
liquid phase will be reached in a minor operation time. Similartures were similar to the previous behaviours found in pure
trends have been found when it was analysed that the effect @lkanes when they were employed as absorbent phages3
stirring power supplied to the liquid phase and the gas flow ratéhows an example of the experimental results obtained, in rela-
feed upon the gas/liquid mass transfer process. tion to the effect produced by stirring power upon the gas/liquid

An increase in the mass transfer velocity was observed in alnass transfer coefficient for different mixtures of octane and
pure alkanes employed in the present paper when stirring ragodecane.
and gas flow rate was also increased. The enhancement in the Since the influence of gas flow rate fed to the contactor upon
gas/liquid mass transfer decreased when these variables reactie@ mass transfer velocity is quiet low in relation to the effect
high values (in the studied rangg3]. caused by the stirring rate (or stirring powgk,22], this vari-

A comparison of experimental results is shownFiig. 2 able has not been studied in the present section.
These results were obtained from the alkanes studied in the Also, the effect caused by the binary mixture composition
present paper, on the basis of liquid side mass transfer coefof liquid phases upon the mass transfer process has been anal-
cient, where it is possible to observe that when the chain lengtiised. The behaviour observed for the systems of carbon diox-
increases, the velocity of gas/liquid mass transfer decreases dig/alkanes mixtures has been summarizédgn4. Itis possible
to the increase of viscosity in the liquid pha3alfle J). to observe in this figure that when the absorbent phase enriches

the alkane with higher molecular weight, the gas mass transfer

Table 1. velocity to liquid phase decreasesitvalue. The behaviours shown

Physical properties for the alkanes employed and its mixturest 25

Liquid phase o (genr3) v (mn?s1) D10 (cmPs™ 1)
Heptane (G) 0.6795 0.3865 5.80
Octane (@) 0.6984 0.5094 5.07
Dodecane (&) 0.7450 1.3791 2.36 o
xCpy Heptane (G) + dodecane (©) 3
L
0.2 0.6981 0.5157 4.89 «
0.4 0.7131 0.6772 4.07
0.6 0.7257 0.8662 3.37
0.8 0.7359 1.0858 2.80
XCyp Octane (@) + dodecane (&)
0.2 0.7106 0.6353 431 Xorz
0.4 0.7209 0.7703 3.66
0.6 0.7300 0.9477 3.12 Fig. 4. Mass transfer coefficient for different compositions of alkanes mixtures.
0.8 0.7378 1.1383 2.69 (O) and (J) n-heptane n-dodecane systen®( and @) n-octane n-dodecane

systemW=250rpm;Qq=7.5Lh1.
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in Fig. 4, in relation to the effect produced upon the physical -8 —————T
properties of mixture composition, are similar for both systems. L
For the liquid phase formed for octane + dodecane, the values -
obtained for mass transfer coefficient were minor than from the
other system. Using the experimental values showRign 4,
it is possible to conclude that there is a certain deviation from
linearity for both systems. Similar deviations were found when
the effect of mixture composition upon the physical properties
was analysed. 11 1
The obtained experimental results have been compared with
the viscosity of alkanes mixtures. This physical property has
been used to understand the absorption process due to the i n
great importance of viscosity in mass transfer operations. Neg- '1'2 E— '1'0 T
ative deviations were found for viscosity, whereas the opposite
behaviour was found for mass transfer coefficient. An increase
in the viscosity causes a decrease in mass transfer velocity efy.5. Comparison between experimental and calculated values of mass transfer
a gaseous component since the resistance to the transportcggfficient using Eq(7).
increased22,23]

_The obtained results for mass transfer coefficient correlatg, fit the data corresponding to mass transfer process using alka-
with the liquid phase viscosity variations. A similar behaviour o5 mixtures as liquid phases, the valuedarparameter was
was observed for the heptane +dodecane mixture analysed {§1yog1 .
the present study. _ , ~ Toemploy Eq(8)itis necessary to know different properties

The effects caused by the operational variables and physicg} gikanes. Its mixtures, emphasized in density and viscosity,
properties upon the mass transfer process have been analysggh jisted iriTable 1
The experimental values for absorption experiments have been Also, in Sherwood and Schmidt numbers, one of the present
employed to model the absorption process by means of calculafjaples is the gas diffusivity in the liquid phase, in this case,
ing the liquid side mass transfer coefficient using fit equationgne giffusivity of carbon dioxide in alkanes and its mixtures.
for gas/liquid systems. These equations relate the transport coefy qetermine this parameter we have chosen the bibliographic
ficient in a direct or indirect way to the operational variablesy,¢4 supplied by Reid et 427]. These authors compiled values
previously commented. _ for carbon dioxide diffusivity in different organic liquids and

Useful expressions for concrete cases are equations based @fe|oped a correlation between carbon dioxide diffusivity and
the operational variables with an influence upon mass transfgf,,id phase viscosity. The observed behaviour has a power trend

processes. In the present paper, the stirring power supplied i, the correlation is shown in E®)
the liquid phases and the absorbent nature, are variables with a

high importance in modelling processes. D=M- " (9)
Eq.(7) shows the expression employed to fit the experimental
data obtained for carbon dioxide absorption in linear alkanesvhereD is the gas diffusivity in the liquid phase, ands the

In kLc:e:ll'::

mixtures. liquid phase viscosity. Using E€P) and theQ andq parameters
8 030 081 supplied by Reid et al., it is possible to estimate the carbon diox-
ke =13-107: Ppg - (7)  ide diffusivity in the linear alkanes and the mixtures employed

. . . . ... inthe present paper.
This equation has shown acceptable fits with low deviations The comparison between the values of the mass transfer

when the two systems studied in the present paper are considered ... ~. . : )
) ) coefficient, which were determined experimentally, and those
together Fig. 5). The calculated values for fit parameters of Eq.

(7) are similar to others obtained from researchers who havéalc;ulat'ed.empl'oy|.ng Eq8)is showp |nF!g. 6 The Qatg plot- .
edinthisfigure indicates that there is a high scattering in relation
employed several systerf4].

On the other hand, numerous researchers have employé%the experimental and calculated data. When this equation was

equations developed by means of dimensional anaigSi26] employed in a previous paper to fit the mass transfer coefficient

. . : . sing individual lineal alkanes as absorbent liquid phases, the
based on dimensionless numbers where the variables previous ! o :
. ) . results did not show this high scatterifi@], and an acceptable
studied are included. These equations allow the development . S . X
It was obtained. Our studies indicate that this equation con-

more general expressions applied to different gas/liquid SySten{?butes high deviations when it is used to calculate liquid side
and geometrical configurations. One of them has been employed

. . . . . mass transfer coefficient.
in present paper to fit the experimental data is shown i(&q. A model developed by Lamont and Sc@8] was based

Sh = Cy - R®8.5P33 (8)  Onassumption that the mass transfer in the liquid is preponder-
antly affected by small scales of turbulent motions. The equation

whereSh is the modified Sherwood numbete the Reynolds deduced by these authors has the expression shown {A@y.

number andc is the Schmidt number. Employing this equation and it has been employed in several cases for bubbling stirred
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800 - . - ; . Lamont and Scott indicates that this equation allows the simu-
| o lation of the absorption process for the systems employed in the
® present paper with good resultsd. 7). This equation has been
600 o .. ° T employed by several research§8] and our research group,
| L) L obtaining good results.
e ‘ [ ) ...
& ‘°r % | 4. Conclusions
i o« ™
Volumetric mass transfer coefficients corresponding to car-
200 |- . I L : .
bon dioxide absorption in binary mixtures of linear alkanes
- 1 (heptane, octane and dodecane) have been determined using
o , . , ‘ ‘ . , a flat surface gasl/liquid contactor. The influence of the stir-
0 200 400 600 800 ring rate applied and liquid phase nature upon absorption pro-

Sh galc cesses has been analysed in the present paper more specifically.
The absorbent phases employed have different binary relations
%etween the linear alkanes. The important effect of both vari-
ables upon the mass transfer velocity has been proved on the

basis of obtained experimental data. The last point has been the

Fig. 6. Comparison between experimental and calculated values of Sherwo
number using E((8).

vessel,
14 1 use of three models to correlate the value of mass transfer coeffi-
P \Y4 s p\ 12 , . . ) ;
k=Cs- ( mo ) . <) (10) cient at different values of operational variables. This study has
1Y v shown that the correlation directly based on variables and the

where Ppo is the total specific power dissipated in the liquid equation developed by Lamont and Scott satisfactorily fit the

phasey andy the kinematics viscosity and density of the liquid 2PSOrption experimental data for the studied systems.

phase D the diffusivity of gas phase in the liquid ands an

adjustable parameter. Fit paramaterfor the systems analysed Acknowledgement

in the present paper, takes a value of 0.018.

This equation (Eq(10)) has been employed by several ~The authors would like to thank the Regional Govern-
authors[29] to correlate experimental data of absorption cor-ment (Xunta de Galicia) for the financial support of our work
responding to liquid side mass transfer coefficient, employindPGIDITO3TAM20902PR). Dr. Gmez-Daz acknowledges the
bubbling stirred vessels as contact devices. This equation takdgnisterio de Educacidn y Ciencia (Ministry of Education and
into account important operation variables such as power sugacience) the concession of@un de la Cierva position.
plied to the liquid, viscosity, density and gas diffusivity in the
liquid. When the contactor is a bubbling reactor, the power musReferences
be calculated or determined as the sum of the contributions of
the mechanical stirrer and the power Supp”ed by the bubb“ng’[l] R. Lemoine, B. Fillion, A. Behkish, A.E. Smith, B.l. Morsi, Prediction
due to the bubbles ascent a|ong the quuid phase. of the gas_—liqu_id volumetric mass transfer coefficients in surface-aeration

. . and gas-inducing reactors using neural networks, Chem. Eng. Process.

The comparison between experimental and calculated val- ,, (2003) 621-643.
ues of mass transfer coefficient using the model developed by] s's. Alves, C.I. Maia, J.M.T. Vasconcelos, Gas-liquid mass transfer

coefficient in stirred tanks interpreted through bubble contamination

kinetics, Chem. Eng. Process. 43 (2004) 823-830.

[3] J.L. Peytavy, M.H. Huor, R. Bugarel, A. Laurent, Interfacial area and
gas-side mass transfer coefficient of a gas—liquid absorption column:
pilot-scale comparison of various tray types, Chem. Eng. Process. 27
(1990) 155-163.

[4] A.K. Bin, B. Duczmal, P. Machniewski, Hydrodynamics and ozone mass

‘8 T T T T

-10

Ink xp

Fig. 7. Use of Lamont and Scott equation (EtQ)) to correlate mass transfer

Ink

L calc

coefficients for the liquid phases employed in the present paper.

transfer in a tall bubble column, Chem. Eng. Sci. 56 (2001) 6233—
6240.

[5] R. Lemoine, A. Behkish, B.I. Morsi, Hydrodynamic and mass transfer
characteristics in organic liquid mixtures in a large-scale bubble column
reactor for the toluene oxidation process, Ind. Eng. Chem. Res. 43 (2004)
6195-6212.

[6] U. Jordan, A. Schumpe, The gas density effect on mass transfer in bubble
columns with organic liquids, Chem. Eng. Sci. 56 (2001) 6267-6272.

[7] L. Peeva, S. Ben-zvi Yona, J.C. Merchuk, Mass transfer coefficients of
decane to emulsions in a bubble column reactor, Chem. Eng. Sci. 56
(2001) 5201-5206.

[8] A.H.G. Cents, D.W.F. Brilman, G.F. Versteeg, Gas absorption in an agi-
tated gas-liquid—liquid system, Chem. Eng. Sci. 56 (2001) 1075-1083.

[9] G. Grund, A. Shumpe, W.D. Deckwer, Gas-liquid mass transfer in a bub-
ble column with organic liquids, Chem. Eng. Sci. 47 (1992) 3509-3516.



D. Gomez-Diaz, J.M. Navaza / Chemical Engineering Journal 114 (2005) 131-137 137

[10] V. Linek, P.A. Benes, Study of the mechanism of gas absorption into20] G. Vazquez, M.A. Cancela, R. Varela, Blvarez, J.M. Navaza, Influ-

oil-water emulsions, Chem. Eng. Sci. 31 (1976) 1037-1046. ence of surfactants on absorption of £@ a stirred tank with and
[11] M.R. Mehrnia, J. Towfighi, B. Bonaldarpour, M.M. Akbarnegad, Influ- without bubbling, Chem. Eng. J. 67 (1997) 131-137.

ence of top-section design and draft-tube height on the performanci21] J.H. Rushton, E.W. Costich, H.J. Everett, Power characteristics of mixing

of airlift bioreactors containing water-in-oil microemulsions, J. Chem. impellers Il, J. Chem. Eng. Progress. 46 (1950) 467-476.

Technol. Biotechnol. 79 (2004) 260-267. [22] D. Gomez-Daz, J.M. Navaza, Effect of ethylene glycol on the
[12] D. Gomez-Daz, J.C. Mejuto, J.M. Navaza, B. Sanjurjo, Carbon dioxide COy/water gas—liquid mass transfer process, Chem. Eng. Technol. 26

transfer to water in oil microemulsions, in: Proceeding to 16th Interna- (2002) 75-80.

tional Congress of Chemical and Process Engineering (CHISA-2004)[23] E. Alvarez, B. Sanjurjo, A. Cancela, J.M. Navaza, Mass transfer and

Praha, 2004. influence of physical properties of solutions in a bubble column, Chem.

[13] D. Gomez-Daz, J.M. Navaza, Mass transfer in a flat gas/liquid interface Eng. Res. Des. 78 (2000) 889-893.
using non-newtonian media, Chem. Eng. Technol. 26 (2003) 1068-107324] M. Moo-Young, H.W. Blanch, Design of biochemical reactors. Mass
[14] G. Vazquez, G. Antorrena, J.M. Navaza, Influence of surfactant concen-  transfer criteria for simple and complex systems, Adv. Biochem. Eng.

tration and chain length on the absorption of 4 aqueous surfactant 19 (1981) 1-69.

solutions in the presence and absence of induced Marangoni effect, Inf25] Z. Jiao, Z. Xuaquing, Y. Juntang,,Qransfer to pseudoplastic fermen-

Eng. Chem. Res. 69 (2000) 1088-1094. tation broths in air-lift reactors with different inner designs, Biotech.
[15] E. Nakajima, M.C. Maffia, A.J.A. Meirelles, Influence of liquid viscosity Technol. 12 (1998) 729-732.

and gas superficial velocity on effective mass transfer area in packeff6] S.D. Vlaev, M. Valeva, R.J. Popov, Gas-liquid mass transfer in stirred

columns, J. Chem. Eng. Jpn. 33 (2000) 561-566. non-Newtonian corn—starch dispersions, J. Chem. Eng. Jpn. 27 (1994)
[16] J. Wu, Z. Shan, A.A. Asfour, Viscosimetric properties of multicompo- 723-726.

nent liquid n-alkane systems, Fluid Phase Eq. 143 (1998) 263-274. [27] R.C. Reid, J.M. Prausnitz, B.E. Poling, The Properties of Gases & Lig-
[17] M.B. King, H. Al-Najjar, The solubilities of carbon dioxide, hydrogen uids, fourth ed., McGraw-Hill, 1987.

sulfide and propane in some normal alkanes solvents-I, Chem. Eng. Sqe8] J.C. Lamont, D.S. Scott, An eddy model of mass transfer into surface

32 (1977) 1241-1246. of a turbulent liquid, AIChE J. 16 (1970) 513-519.

[18] D. Gomez-Oaz, J.M. Navaza, Gas-liquid mass transfer processes in 9] V. Linek, M. Kordac, M. Fujaso&, T. Moucha, Gas-liquid mass transfer
carbon dioxide/alkane system, J. Chem. Technol. Biotechnol. 80 (2005)  coefficient in stirred tanks interpreted through models of idealized eddy
812-818. structure of turbulence in the bubble vicinity, Chem. Eng. Process. 43

[19] D. Gbmez-Oaz, J.M. Navaza, Analysis of carbon dioxide gas/liquid (2004) 1511-1517.
mass transfer in aerated stirred vessels using non-Newtonian media, J.

Chem. Technol. Biotechnol. 79 (2004) 1105-1112.



	Gas/liquid mass transfer in carbon dioxide-alkanes mixtures
	Introduction
	Experimental
	Results and discussion
	Physical properties
	Absorption process
	Pure alkanes
	Alkanes mixtures


	Conclusions
	Acknowledgement
	References


